Probability- The Study of Randomness 4.1 and 4.2

Intro Vocab:
Random (trials)-

- individual outcomes are uncertain
- regular distribution in large # of trials

Probability-

- proportion (%) of times the outcome would occur in a large
number of trials



Experimental Probability-

- % of times an event occurred in an expt.
- what DID happen

Ex: If I toss a coin 30 times, and get 12 heads, what the experimental

prob. of getting heads? P( \‘Jlj — @-/30 - O L\—;_ LIO é

Theoretical Probability-

- 9% of times an event SHOULD occur

Ex: Using the same coin tossing situation above, whats the theoretical

prob. of getting heads? ?U\% ~ \/24": Q.3 = o/



Probability Models-

- list of all possible outcomes
- probability of each outcome
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Sample Space-
- the set of all possible outcomes

2 red, b(w\amemﬁ}lﬂmg
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Ex: What is the sample space for the spinner experiment?

What about the rolling 2 dice experiment?



Probability Notation:
. A, B, C, etc. =

events/outcomes

* PA) = the probability of event A occurring

* S = sample space ?(S>

e When we represent events, we draw them with _Yen1 Diagrams

. Venn Diagrams use shapes to represent events, sample space is

the box around them

o  Examples: d ek ofcandn
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General Set Theory

Union: JOlﬂ

. Meaning:

. Symbal: u

. Example 1: A U E:; . Example 2: Set A = %21, 4,6, 8, 10, 12}}:
SetB=41,2,3,4,5,6,7
Bo% Somn| Inaan

AUB={ by

g‘h?—*f}lqlsgcpﬁh%ilolﬁ_i



Intersection: OU{Z( l&_,ﬂo

. Meaning:

. Example 1: /\ .[\« %
. Example 2: SetA={2,4,6, 8, 10, 12}

A EE SetB=1{1,2,3,4,5,6,7}

AB={o,4, o ?




Complement:
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Example 1:  Shade A®
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eExample 2: Set A=4{2,4,6, 8, 10, 12}
S=4{1,2,3,4,5,6,7,8,9,610, 11, 12, 13, 14, 15} = sample space

AC = {

ks
$0,3,5 7.2, 13,14 I5%



Try the examples:
1)A B = 2) P(A B) =

3) {1,3,5,6,7,8,9,10,11,13,14,15,17,19,21}
4) 15/25

5) {1,2,4,6,8,10,12,14,16,18,20,22,23,24,25}
6) 15/25

7) {2,4,6,8,10,12,14,16,20,22,24}

8) 11/ 25 5 o2

9) {X%

10) 0 =

11) {1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,19,20,21,22,24}
12) 22 / 25

13) {6,8,10,14}

14) 10 / 25

15) { 1,3,5,7,9,11,13,15,17,18,19,21,23,25}
16) 10 / 25



Try the next sheet.... SET THEORY
a) 8 / 20
b) 7 / 20 .
c) { Br D 5
d) o
e) {3,4,5,6,7,8,11,13,15,16,17,22,28,30}
f) 14/ 20 ;
g)9 /20 ?CD >
h) 8 / 20
i) 12 / 20
j) 13 / 20 V (‘bv
k) 8 / 20 \_._.-
)3 /20
m) 11 / 20
n) 5/ 20
0)3 /20
p) 11 / 20

q) 15 / 20
r) 3 /20



Probability Rules
. Let A and B be events
. Let S = sample space
. Let Ac = the complement of event A

List the first 3 probability rules: (page 298)

0w O P 1L
@ ¥Y(s= 1

() P@\QB i} i#PO’:\)



Example 1:  If the probability of hitting a homerun is 30%, whats the
probability of not hitting a homerun?

= 0. 50
P(H®) = O:@O

Example 2: If there are only 8 different blood types, fill in the chart
below:

Type A+ A- B+ B- |AB+ AB- O+ (O-
Probability 0.160.14/0190.17, ; 7/0.07] 0.1/0.11

J

O.06




Example 3:

Las Vegas Zeke, when asked to predict the ACC basketball
Champion, follows the modern practice of giving probabilistic
predictions. He says, "UNC's probability of winning is twice
Duke's. NC State and UVA each have probability 0.1 of winning,
but Duke's probability is three times that. Nobody else has a
chance.” Has Zeke given a legitimate assignment of probabilities
to all the teams in the conference? Why or why not?

ONC =O.6

Doke = 03

NC Skake = O. |
UVA = O.\

0




L
Probability Rules (cont'd) K E
I'-‘ ' AR —
Unions “{\35{ Hie: ,

G,;;Era;(::i?) i P(ﬂ'> + P{E;) ‘“P(P\ 0\ @_/

«  Why do we subtract P(A (\B)?



Special Case:
What if A and B don't overlap? Draw a Venn Diagram that illustrates this below:
So, PANB)=? ()

ole)
This is called Dis!'nint

Disjoint (or mutually exclusive)= Two events are disjoint if ...

_HMB NAE  NO QUTT ayna N\ Camm o-r—

So our rule for unions for disjoint events then becomes:

+ PAUB)= PC}‘Q + PCB}




Going back to the examples from before...

Ex #4: There are only 8 different blood types, given in the chart below:

Are these events (the blood types) disjoint? %ﬁb

What is the probability of being either Type A+ or B-?
BlAx ) B PyrPRY 632

What is the probability of being either Type O- or O+7?
PO~ U Or)=PedP@d= 0.2

What is the probability of being either Type AB+ or A+?

P AR U AT —:.




Ex #5:We are picking one card out of a standard 52-card deck (no jokers). The events are the different
cards we can pick.

Are these events disjoint? NO
What is the probability of picking a diamond? P{D) -

What is the probability of picking a 3? P(5> —

What is the probability of picking a diamond and a S?D(D /_\ g> — /

#So0, whatﬁ?eghalcl_h)ty% icking aﬁ?ﬁ d or ﬁ(’f’;) P (D N 5)

What is the pmhahlxty of plckl a black card?

O A

What is the probability of plcklng a Jack?

P(Y)= sy

\ﬁWhat is the pl"ﬂhablhw of p|>k|ng a black card or a Jack?

VB O GRECIME




Probability Rules (cqnt'd
Intersections @

EX #6: Picking poker chips from a bag with replagamept:
I have a bag that has 10 poker cﬁfps init. Farered, 2are green, and 5
are blue,

__>P(Red) =3//O P(Green) = Q//O P(Blue) = %

What is the probability of pfckfng a red cﬁfp and then a blue chip?

P(R.NB)-= S = Hoo

What is the probability of pfckfng a green chip and then a red cﬁfp?

P(G N R) = P6) 3(@ N,

What's the pm\jabmty of picking a blue cﬁfp and then a blue chip?

PBH S/O:'S/o 6

c’OC’
50.... P(Aand B) = P(ANB) = PCA) ‘P(B\)

G
TG00



But what is the key info that was given in Ex #67?

Lo raplacammjr

So did the first event happening affect the second event
happening? NC)

This is called...

)ﬂd€p£nd&wsf

Other examples of events that are independent:

rolling o cliz
JCHP o -



EX #7: Picking poker chips from a bag withoutreplacement
I have a bag that has 10 poker chips init. 3 are red, 2 are green, and 5 are blue.

P(Red) = } P(Green) /C) P(Blue) /C)

PR -

What is the probability of plcklng ared an then a blue?

P((Q () ]5) /o ECL s dependan™

What is the probability of plcklng a Iue ang then a blue?

HBNR): % 4

What is the probability of picking a green and then a red?

Y
G Ne)=or 74
PC )" s PR|G)



VOCAB: Conditional Probabilities:

0(BJA)

A = 1st event that happ ened Lcj
B = 2nd event that happ ened

So... to find the probability of event AAND event B we....
INTERSECTIONS: & P(AandB)= P(A(B) = PG% . P(R f Fi—B

Spéc ol ca &P
IFA and B are INDEPENDENT:  P(Aand B) = P(A/\B) = P ( )45 . P( [3)




Thinking about conditional probabilities...
Does P(B/A) = P(A/B)?

Think about our poker chip example. Picking poker chips from a bag

withoutreplacement
I have a bag that has 10 oker chips init. 3 are red, 2 are green, and 5

areblue. D D) = /0 P(6)>27, P(R)=57,

Whatis t(he probability of plcklng red given that you picked blue?

= 34

What is the prubablllty of picking blue given that you picked red?



REVIEW:

Union
#P(A UB)=P(A)+ P(B)— P(A n B)

e [fAand B aredsjoint, then P(A UB)=P(A) +P(B)because PlAN B)=0

Intersection
P{An B)= P(A) * P(B|A)

o |fAand Bare independent then P(A n B) =P(A) " P(B) because FiBE|A)=FIB)
SAND

V

¥ Conditional Probability
F(B|A)= P(AnB) FiA) = ()
F(A)




Try these:
Probability rules worksheet NAME:

1. IfP(A)=0.26 and P(B) =041 and P(ANB) = 0.1, find the following:

a PAUB)= 057

DN &)
b. P®BA)= 0385 P(BIFO‘ PZ(D(IDD

C. Are A and B digjoint events? Why or w 111 mt”

NO  PANR) =+

Are A and B independent events? Why or why not?

N P(&|A)#P(B)
FAY-PR) 4 RANGR)




2. IfP(A)=042 and P(B) = 0.33 and A and B are independent, what 1s
prob of A and B?

O(AnB) =038

3. It P(A)=0.6and P(B) =0.34 and P(B|A) = 0.2, find the following:
a. P(Aand B) = P(/ﬂ( 2 B>: P(AJ N P(E) p")
F o2
b. P(AorB)=

FAULR) =AYt P(R) —PANR)

P(BIRY = Pan &) 70.83]

Pcn
O.2= PChna )

Q.6




|'_!|:|

h.

Let the sample gpace, S = {all whole mumber from 0 through 19}
{2.4,6,8,10,12}

Let the event A =

Let the event B= {3, 6,9, 12, 15, 18}

Let the event C={1,3,5,7,9,11,13,15,17,19}
{1.4,7,8, 10,14, 16, 18}

Let the event D =

Find the following:
A B=

P(A B)=

D" =

P(C B)=
P(AUB) =

P(C D)=

P (CY) =

CTTA=



@ P@Q:O.HQ
DEN (T)=0.2%F

POrT|E)= 7

Probability Rules Review worksheet



